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(57) Abstract: A thin film piezoelectric device in- 
cludes a substrate (12) having a via hole (22) and 
a piezoelectric laminated structure (14) consisting 
of a lower electrode (15), a piezoelectric film (16), 
and an upper electrode (17) formed on the substrate 
(12) via an insulation layer (13). A plurality of thin 
film piezoelectric oscillators (210, 220) are formed 
for the via hole (22). The piezoelectric laminated 
structure (14) includes a diaphragm (23) located to 
face the via hole (22) and a support area other than it 
The thin film piezoelectric oscillators (210, 220) are 
electrically connected by the lower electrode (15). 
When the straight line in the substrate plane passing 
through the centers (1, 2) of the diaphragm (23) of 
the thin film piezoelectric oscillators (210, 220) has 
the length Dl of the segment passing through the 
support area and the distance between the centers of 
the diaphragms of the thin film piezoelectric oscil- 
lators (210, 220) is DO, the ratio D1/D0 is 0. 1 to 0.5. 
The via hole (22) is formed by the deep graving type 
reactive ion etching method. 
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o 

d .1 1 1 1 tt l t . * >i usi iict o minjBESTV w x <d— mmmm-t. 0ia~@ic 
ira-c&o. sibi^x-x* m^wraa, bichw-y' wmbm 

15 SStf)5. cne>^IUC43ViT, IiBEtf;HX2 0 0«FBAR2 1 0, F 
BAR 2 2 0, FBAR23 0:fe«fctfFBAR2 4 0 dfcfc:«fc OfM 

$nT^5, FBAR'2 2 0H M12, 2 (0±®£^J*£nfcl6»# 

in, 35<fcim«ty*#Jg 1 3 ©±is^8a$nfcjE«sia*)Sft 1 4 *wrs. 

Elilf]g#14tt, mil : 3©±®fc^$tlfcT*»«ffil 5, f£Tg&« 

20 us £?iz i^xm^m 1 3 <d ±.w\zm f&znfcfcn&m 1 6 &&&&& 
iMi 6©_h®jc:^$nfc±si5*aii 7^iaxv^ 0 a«i 21111 ^« 

25 . *fe-T«Wiil 5i5*r;±g|StIl-7»y'f777A2 3t^t§Mfit -•- - 
M^tlfciMl 5 a, 17at, ft£#»15a, 1 7 ati©FBARtfc 
\t&mm&tL<D&tfo<DTz.*)<DWH8>l 5b, 1 7 b§ft5. 3r?g£l 5 b, 17 
b^777A2 3 fc#j6TS*^te»K*T^3. F B AR 2 10, F BAR 
2 3 OM^FBAR 2 4 0O«^l:^^T ! b»^5. 
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*H16»l8T?tt, Deep R I EH(DM.M\zJz D > Sfil 2(D— ® (#J;U£T 
®) ^£>Mft® (#»J*_teO:M) l:|p]^otiSI;SHf- A— £iTkfXzN— ;U2 2 

Si 5 £fcte$feiH£JI 1 3^ffib7clfg&T$.^^VT7^A2 3®t^tSfiTI 
5 <D3Ly^>lfmnU2 4(D^rfeti<Dmi)S'l^f3:\dyfc— )V2 2£l^bTV^7c#> 

m.m\zmmztLtcmK)&5wmfcm&fe%s2 1 orz$2 2 009^77^2 3© 

£<f Sdt/^-cr^S (0 1 AR?JC|g 1 B #M) c »^JES^i§2 1 2 

mmm^mm 2 1 0 £ 2 3 0 iKDmmz-D^Thmm-c&Zo mr^, nmmzmm 
15 ^ntzmr)'^3wm&n^m^2 20^240 tcDmrnz-o^Thmmx^^. 

^^^©^j^jEm^t-rx^ ^mje«^js§s 2 1 0 £ 2 2 0 t^mmm 
u z\rnaizM^i:^rn^timm&m^m^2 3 0 <h 2 4 0 t^^niT^-s 

0 2A«*llig7^SI©^i^«^AWX^^^^MEI-Tr^D, 02B 
^©X-X' #l5£l$$r®IIK 0 2 Cte-?-(7DY-Y* m^;wra®T^-5o c:tie> 

<dm\z^x, ±mm 1 1 c\z&tf%<D£mu<DmmzmTz>ffltt\zum-' 

25 iiEttTAVT, 2 0 OttFBAR 2 1 0, F B A"R 2 2 0 ; FBAR 2 3 0 43 
£OT B AR 2 4 0 £iS&^£--fr3 d i \Z £ 0fEM£*lT^3 o FBAR2 2 0H 

^^/^r^t^*-;^ 2^^e>n7cs«i 2, m»«i 2©±®tc^$ 
tiTc^^s 1 3 > &&zsmmm&m 1 3 <d±m\zx\it^~)V2 2 ^tc^-vm 
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, %m&m i 3 i 2 <o±m<» mt^—)v 2 2 £m©g&# <&%mmmm& 1 

4<D1ttb<D33&m i:#Sl/t*t), 4©^Jt««tSfio^ 
«& £ ©H KUtHUfcS 1 3 di^ftts. 

5 ©X, f^i^§^H<&0, ##«)W2;j&tS. EES«S«it* 1 4 tt, ^ 

o—u&wmwm 1 3 ©±®tc^bTv^T^«s 1 5 , mt^«m 1 5 £se> <k 

5 bXffegtfWl 1 3 ©_tMKl^$nfcJBE«#:JK 1 6 43 «fc Z>*^JBES#:]gl 1 6 ©± 

®fc^j&£tife_L£&Mi 7mws. ts&usi 5©— fiutt, mmwmi 3 

Sr^T^d<h75:<, fc*7*-;l/2 2£ftttX©fcBbX^£ 0 £©Tg&«Ml5©© 

10 m®ft&&z$^n\zttfo^&&wiz&&-tz>&.nmmmm&i 4<du&&. w.mm> 

£#t?^-fT:7^A2 3S:«^f 5. £7c, Tg&m@ 1 5 43<ktf±g&*ffi 1 7tt^ 
^777A2 3t«t§Mrt(lM$tlfc±Ml 5 a, 17at, 
15 a, 1 7 atffi©FBAR*fc^SPIsIK^©S?ia©fe86©SS^filJl 5 b, 1 
7 b 5ft5. SHPSB 15b, 17b H^V 777A23 ZmWMzMZf 
15 Tt^. FBAR2 10, F B AR 2- 3 0&«ktfF B AR 2 4 0 ©ISj^fcTD^Xfe 
l*]SIX&£o 

**J6^lifc*ViT%>, Ell A~01 C©^M^£|p)C<, PD^e>T«mjE« 
^mjBEm#^2 1 0R^2 2 0©^777A2 3 ©*£> ( 2 &ft&)tzMfa^&) 

20 m>b) i&.zt2&m&mm± (H2a^^x-x' m tc^x, muutm 

do t©it^D l/Do^/h^x-r^iLi^T^^) (02 A~Rzsm2Bmm) . n 
m^m^mm 2 10^22 0 ©«&tt&&«:TSB*ffi 1 s^bxfrfrn*. * 

-2S"-»»fc^$nfc»t>^'5l*JRBE«*«»2--l O (h 2 3 G t ©H#t^^X%-P^| 
X&£„ S^fc^gg^tlfcg|?)^-5^mJEES^MS2 2 0i:2 4 0(h©M 

^K^Xfel^X&S^, ^©»--&t tt*^'«jgS^±SS«S 1 7 ^LXfrt? 

^jfi^iioiiEjKffi^/w^w:, wWkEEn&um 2 1-0^220 h^mmmm 
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u ^n^\ztivx^n j ennm&n^m^2 3 0 «t 2 4 0 t^^iitt^^ 
5 so, i3BHf®x-x' w&:&)mwm-c&z>o z\nt><Dm\z&^T*>. Jtfsn 

So 

IUEtf;HX2 0 0ttFBAR2 1 0, FBAR2 2 0, F BAR 2 3 0, 
FBAR 2 40^FBAR2 5 0 ZUfr^Z Z\ £\z£ Dft^tlT^So F 
10 BAR 2 2 Ote, 2, 1 2 1 3 . te&tf 

^iiftll 3©±®tCf^M$n7cJES^«ig#:i 4^WT-5o JE««S^it# 
1 4«, iiife^Sl 3c7Xt®k:^/&£n7cTSB«®l 5, gfF£B«Sl 5^S5i 

■5 tc i 3 (D ±mzmf&2nrc!£n&m 1 6 & J:zsm&m^m 1 6 <d± 

m\z^m^ntc±^mmi 7^mxx^. mui 2\z\-&, ^m^mm-^^r^ 

15 —J12 2^fgttenTV^. 3 <E>— g&tefcfXTft— Jl/2 2 fclRlttTStfJ L 

ws„ jlcd^H^JIi 3cDgm^*5J;^c:ntMj^T^>^:«(c#ffi-r^ffi«« 
4<DgfcB^> Jgi^^t^-f 7!7^A2 3&mf$.?Z>o TUMMl 5 
3{C^-r^M^fC^$n7c3E^l 5 at, ^#^1 5 
a tft!lcDFBARS7^^^0]^tOjg^O72:ie)(D^gBl 5b£3rr-5o 3sH^& 
20 1 5 btt^77 7A 2 3 tC^T^^^^^TV^ 0 ^iS^-c^ % _hgg 

iii 7it miomm^i 7A<t^2c7)*^i 7B^e,^, cnems^ 

17 A, 17B^n^±^17Aa, 17BatMl7Ab, 17Bb 
t^ft5„ 7 Aa, 1 7 B a^777A2 3 (C^iTTS 0*lt 
ttbT&tK ii#^17Aa, I 7 Ba£fa(DFBARl£rcU^\Bl&&<DSgm 
-25" c7)7c^©«^ 1 7 A b ; 1 7 B b te^V 7 A 2 3 fCMt^M^tCl^T 

m 3 a Rrx^ 3 b (omwmm iz^-r 2 <@ ommu^ s & § ±bu«m tc f b 

AR2 2 0H #M^E— F^Jgffft^n^fe^TSD, ±2EmS 1 7 CO z> t> <D— 

jsonmu mx-\m2v>mwMi 7B) iTMi 5 tcDr^ATjitjE^wjn 
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u ±sm& 1 7 <D?%<Dmfi<Dnwffi> (MpLttm i onmu ha) tr^i® 

1 5i©fl©«E5i©FBAR2 1 0 •^(DHj^jMS.t bTfeS^ii"^* ^ <bti$~CcZ 
Z>(p-c\ FBAR 2 2 0@ft^7^M-<!:lT©«tg^It?). ;i © J; 5 

m^m^m± £ -frxismr £ z. t. #t # & & «> , k: nzci^ o ^ 

5 mMJE«^ig§5 2 10 RtK 2 2 0 (D#<1 77 7A2 3©^ (2 ^te#J&^{5J^ 

io mm>L>) ims2^msm.u±. (i3Ai:*it§x-x' g§o ki^t, 

m a nmsM^mm^y-i 777A23 Rsi^#SE-r sjEE*sts*ifi^©^® 

MDO t<DitmD l/DO^<t5^T#5 (0 3 ARM 3 B#M) „ 
S^t^$n7cPO^^^ffi«ifcSfg2 10^2 4 0 £©BI«Rtf«ffc«JK: 

15 ^$nfesit)'&'5ifji!iffi«*ss2 2ot24o Lommz-D^Thmmx-sbz 
o sat; «^WK:»«snfci»t)'&'5i»«ffim*ss2 10^23 o£<Dmw^zf 
mm.m\zmm^nrz.mx)^omm&n^mm2 20^250 toH«t^^Tt>i^ 

^Sfi^SiCitJRES^/^^tt, *ISI£E«^S2 1 0 £ 2 2 0-£&l&3l&a 
20 U> Cine>^bX^-n^niimJE«*JgS2 3 0t240t2 5 0 t&ft&t&m 
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©^777A2 3^fl<M^tl.^^Tt§o MTLif, 15150/imXl 
5 0 /imOf^^tt5^777A2 3 £|1^&©T®fcflXy 5P>^§|Pg& 2 

icjg^-r z%£<Dm&mmm<Dnm.fflfo&'i^ <ffiz.T. fbar»2 10. 2 

2 0,2 3 0^2 4 01II(i2 5 0 Srffl^-&Tf^«$ns*JBiffi«7 f /t'r X 2 
15 t:X*— ;U2 2fCj;S'b©ttt|g^$n*r, Tr^A 2 3 (D 

3tlTlt BfflS^U3> (S i 0 2 ) ^dit^>U3> (S i 3 

n 4 tfetts i n x ) ziaf&ftt-Tzmnftm&m^z a z.<ommw 

&3^m#iilW!j£bTte, MfB©^t:>'U^> (S i0 2 ) mt&fcz/V n> ( 

s i 3 n 4 states i n x ) mt&mmisfr%<Dj)m^tiz>o ii#n 3©j» 

#|;U£0. 2~1. 0 /im-ea5^>o 3©7#f&7j£c£UTte, >"J 

25 n >*v5fc-52£tR.i- 2 (Dmm&mmik-rttfe^CV-D (Ch emi c a 1 V a 
por Deposition) WJ^$n5. ^ C> tc. ^-T 7 AgP^#ft 

-r ^ mm&m&%.±\zm£; lt b £ -5 ^ £ t> pjfgT& -5 . 

T^tll 543J:^J:^«S1 7iim ^U^7 i > (Mo) , ^>^Xf> 
(W) , (P t) s £ (Au) U£<Di»mm&m^Z>Z.ttfT»&Z> 0 Motti 
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-rs©fc:JFjre&-s. Mom wf#fcTO<, Moifenwsi^ (£?£ 

Mo£ 7c teWSfcteP t SfcfctAu £3^> (Ti) , v^lo-^A (Z r) , O 
5 DA (Cr) fc£o£**£ft±£it-ST«l« ££8UiUfc«ffi«:&ffl 
TSdtfcpJtre**. flIAfck Mo/TitiE W/TiilE Mo/Zr 
ill, Pt/TifII, Au/Ti« Au/CriIl)it'S:ffl^i: 
<h#n?#5o T§Pm@l 543i7jCJi^m@i 7 <Z>J¥£te. ^5 0~2 5 0nm 
X&^o T^«@ 1 5 %>&U±MmM 1 7 ©f«tlTH 7,ny 9 U 

JE«#I16I1 llbJJ^Z^A (A 1 N) , fift7;i/5— £A-*fc#U# 
Aliigft: (Al.-.Ga.N (fib, 0<x<l) ) , (ZnO) , ^ 

(PT (PbT i0 3 ) ) > ^>ft^;i/3>K« (PZT (Pb (Z r, 

15 Ti) o 3 ) ) ^<H^6S^nojEm^^^^<h-r^ffi«#^e>^^>. 

Tjl^-^A-S-ftS^fU^A^H^ (AlL.Ga.N) , &jfbM$& (ZnO) «fc 
2) ©ODlHl^ftf— ^<DDy*>^ • ft— (FWHM) \$m*o Uy*>!f 

• ts—^mrn^ (fwhm) #*#<&o, BEiRH4j&«i5T-rst» aj^^s-^ 

T?te<\ #m&&&M^%ffilftl-&2>-. JBES#mi 6'<DB2Y&* 5~ 

®®-e^o> 0 4B^©^-rT^A^o€-mitSr^^0"eabs<, cine*© 

©tW^Wt&n-rV^. EI4ARlX0 4B©^mjE*^;\MX2 0 OttEBAR 
210, FBAR2 2 0, FBAR2 3 0, FBAR2 4 0^FBAR2 5 0 
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5 &omm&n&m&<D*>brnmmDO£(DitmDi/Dotfo. i~o. 5^ 

D0=D 1 +D2+D3 

^{c^v^Tfe, -Lib ei 1 4 b \z&tf%<D£mm(Dmm&^T%ffimz\tm-' 
(Dftn-bmnznT^Zo msARismsBommEEn^/^xz o osfbar 

210, FBAR2 2 0, F B AR 2 3 0 *3cktfF B AR 2 4 0 d £ 

$nTv^2^©*f®^wr^^ (izgja^) , 4>&< tfe^©— mz#jjm(D^ 
25 mite&fti&&kts&&m, &te<th^<D-mz&^ft&^z$#fi&<D^mm 

^M^»f5n§. 0 5 A%.Z*m 5 B©^mjBE«^/\WX 2 OOH 2^ 

<Dtm^\z^mzmj&^nr^mm^(Dm^m'ro ^nzomommmm^/^ 
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D0=D1+D2+D3 

5 EI 4 AM4BMCi5 AM5 B Kl^Utc^BIJES^AW 7,<DmV$MM 
. \Z^X. FBAR2 2 0H S«©±MK:^Si$nfcJEE«SJ«*iS# 1 4 £:£"r 

10 _tg&*ffil 7«^T7^AJC^T^^F*3tC^$n7c^#:SPl 5 a, 17a 
<fc, R3Efr»l 5 a, 17 atfifeCFBAR^fc^gPlHlS&tOSiKOfcsexOSg 1 ? 
SPl 5 b, 17 b£*fTo. SS^SBl 5b, 17 bte^-T A*C**JCrrslWK 
*UCSEtfTV*5. FBAR2 1 0, FBAR2 3 0, F B AR 2 4 0 &<£OT B A 
R 2 5 0<DMmz~D\,*T>bmm~e&2>o 

15 05 ARI^I5 BtC^U7cFBAR 2 1 0, F BAR 2 2 0, FBAR2 3 0*5 
£7JCFBAR 2 4 0td*ltS«fc-5tC, $g»jgfl£$lJ5rr£^-f 77 5 A£, 

5 ra®"e&£o EneoBtefeWr'b, JiiBSl A-v@5 BfC^lt^OtH^KD^ 

25 m&&mmmmffim.i£&ffittSBAR2 i o- .^2 2,0' ip^, ife - 

1 3 ±fcTSMIffi 15, II 0JEi#ll 6 - 1 , FW«S 17' , % 2 © 
16-2 RtfJigPftffi 1 8 ^d^MM^M^nxV^o F*Dg&«M 17' 
;-*l©EE«#:JBl'l 6 - 1 l:^tl.±MSttT©ilgif 2©J£iMl 6- 

2\zM-rz>T&nM£hx<Dimm£&m?z>6 ^mmmmxu. #sbar» 



24 



WO 2004/001964 PCT/JP2003/007857 

, ±^11 1 8 Sfc^mi 1 5 t^BIStS 1 7 ' £©K©«JE&ffl*mjE£b 

5 SB AR 210' £220' tit. TSSii 1 5 S^ltiEWCii^tlT^ 
±ilI18JAdWill7' mtSBAR210' £2 2 0' <h£ 

*k jess ic -t-j utt), nm<&} \zmm z nr^m d^^sbar©^777A2 
io mm m 1 1- o fv =-o n i- j»s @ s ^Di^io^sBAR©^ ^ramai 

D 0 viiv-lL i'l) I nu^O. 1-0. 5ia5J;5^fitlCtt»:fiOSBARS 
SHE I C j o u 

k, 2 =i>r/Tan (<f> r) 
0 r= (tc/2) (f r/f a) 

20 k t 2 =4. 8 (fa-f r) / (f a+f r) 

*f§BJ!^£te, 01A~EI1C> 02A-02C, g3A^@3B, 04 A 
RtfS 4B, @5 AS^S 5 B , Mtffcia 9 KL7sk*f&&<?>WfgUa£&7 £ rt'( 7> \Z.~D\t* 
25 T, ^©#14, ttlg^c -»itffi«5W X ^i^t5-Ffi-A R T S B A RCD«it; 
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ffl -r £ ? w ^ - £ b t n ffl \z #trr & <t am v < tz z> m ft \z & 5 . 

10 

15 l7^M-^Sbfc. 

EP^, h'JV^77^-fcJ:0, HS 2 5 0 Aim© (10 0) S ilfil 2 

tH£1 4 0X 1 6 0 Atm@m©^fcjfiV^JK0)¥a^-&fl!l*^t"«k'5fc, ^(Djl 

20 ^ufeo mmtmz^K), &&l<d±tfmm\zbz 1 . o/xm<Ds io 2 m&mi& 

bfc^, fb7l^»7> (S i (O (C 2 H s ) 4 ) ^M^^fflVi^CV 
D-fcteitK- 4 5 CCTS^JbM^ff^ 3. 5 tfm<DS i 0 2 I^i$t v 10 
0 0 < ClTT^-;i/bfeo IM^W'*S[^*^rtfX7U-&fflV^v .-CMP ( 

Chemical Mechanical Pol ishing) mMfelZ&QM 
25 I±I©S i Q 2 i^IILT, gl#.£S i 0 2 f-T?*fefei0fM©S^O-2-I- • - 

bfeo IMIHil^©RMSWl OnmT^ofc. ^StcSffib^cS i 0 2 

g^x^itt, siiwastm^o. 3 um^ax-y^y^m^ 

bfe^ d c x^t- h n y^n y $>—mz£ r> % t i ^If <J%mm) te&TSM o 
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S<Z)i^l:/^-MbbT, Mo/TiTSHtil 5$Mbfc. l^r©FBAR. 
<£>TgB«Ml 5©£#lflSl 5 ate, TO^SU 4 0 X 1 6 0 tfm©^777A«fc 

o^ii^ (i i o) mfamw-zm-mfaWL-v&zztfe, x*mmmfe\z&*)& 

io 5£xy^>2fK:ckD, a l Nm&ffife<Dmmz/V?—>4kVT, AiNffiSftMi 

, a 2 A~m 2 c tc^-r zrt < , mpmrnzmz o . iso/im, 

0. 2 0 9 /imt> 3E#g&l 7 aW77 7Ack 0^2 5 Mm^/jN^^^ 

15 ms£#g& i5a ^rrs&tuffiitit. 

. 37* HJ V^77^- £J:D, ±®©S i0 2 T^^t^jtSbfc^©^^/^ 
^-MULfc. T-r^PT^>iPXffly^- hUz?X b (MicroChe 

m CorpiNANO SU-8^l/y7b) <^If bT, 7th'JV^77 
20 K-kOTMS i0 2 77^ h-7X7WLL V7^£ 

m&S«12$Deep RIE (^DMKJfttt^^Xy?^^) ttt£<D 
F^-fx^f^gfiCgAl, giWHSF 6 ^7iC 4 F 8 ^7t^SH 

mmit^umv. mfrm.iim<Dmm.T?x.y^>tf&mn2>z\tiz&v), rmmmi 

25 - 5 ^ t'7^-^2 2 tSttlt§ STX 7 ^>7'JjPI^fro T, M^W^mWzAX 
Tcm^M^<D\iT^—)V2 2£f£Sb7c. -^©j^ ^77 7A2 3 tSIT 

snfclS 0-^-5 2 o©*Jg|jE«*^S©MIB^-i' 77 ^ AO^i^Sr®iSTSE»5 
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77 7A©^<Lf B ^iD 0 t©ft$D 1/D 0 (Dfift 0. 1 8T'&-ofc 0 Z\<Dit 
5 -D^Tbit^D l/D0<7Mitte0. 18-0. 3 (D^fflfiT&o 7c 0 £7c, ±X<D 

¥y*-)KD®mw<DT— m&±m\z.ji$VT 8 o~i o o° (Dmm^Ts 

io ^ b <- v - mcicfco A l Nli®1SfSI:itt (0 0 0 2) lUtFrtf— ^CD 
D-/=TO • "'J ! (FWHM) afl^^tTo/io A 1 N»l®^ift©St 
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